Nowadays turbochargers play an important role in improving internal combustion engines (ICE) performance. Usually, engine manufacturers use computer codes to predict the behaviour of both engine and turbocharger, the later by means of measured look-up maps. Using look-up maps different problems arise, being one of the most important the difference in heat transfer between the current operating condition and the conditions at which maps were measured. These effects are very important at low to medium turbocharger speeds (typical condition of urban driving conditions) where heat transfer can even be higher than mechanical power. In this work, the different convective heat transfer phenomena inside these kind of machines have been measured and analysed.
temperatures (compressor, turbine, oil and coolant). The former is needed to feed accurately ICE model, turbine outlet temperature is important for aftertreatment device modelling while oil and coolant temperatures are important in order to design optimum cooling systems. swirl ratios [7] , new clean fuels [8] , etc. In this framework, the optimization of 7 engine external systems can play an important role, one of these systems is the 8 turbocharger. In order to predict accurately engine behaviour it is necessary to 9 predict turbocharger behaviour, since, among others, it will affect the intake air 10 temperature which highly affect combustion process and therefore engine perfor-11 mance [9] and the exhaust temperature which highly affects pollutant emissions 12 [10] . This behaviour must bear in mind at least three main factors: isentropic prediction for low speeds, typical during urban driving conditions.
21
Bohn studied heat transfer in a turbochargers by means of experimental conducted to the turbine inlet.
85
• After passing through the turbine, the air is cooled by means of a heat ex-changer in order to allow mass flow measurement using high accuracy hot 87 film flow meter. All flow meters in the installation have been previously 88 calibrated.
89
• Turbo-compressor sucks air from the atmosphere, air passes first through 
94
• An independent lubrication system is installed to control oil flow rate and 95 its inlet pressure (by means of an oil pump and a controlled pressure valve).
96
Temperature can be also controlled and modified as desired by using an The uncertainty of a measurement is a parameter that characterises the 
158
In this last case the standard deviation is calculated using Equation 2 from 159 uniform rectangular distribution of probability, where a − and a + are the lower 160 and the upper limits of the sensor inaccuracy.
Finally the standard deviation, representing combined uncertainty is cal-162 culated using Equation 3 , taking into account both of the previous effects. 
3. Turbocharger thermal model of models, the turbocharger is considered as a thermal network consisting in 173 a finite number of nodes, whose thermal inertia is characterized by a thermal 174 capacitance, and linked with other nodes by means of thermal conductances.
175
These models assume a uniform temperature on each of the nodes, so discrim- 
Writing Equation 4 for each of the n nodes gives a set of linear, implicit 186 equations of the form:
In steady-state conditions (t = t + ∆t), Equation 5 reduces to
If boundary conditions are added to Equation 6 as temperatures, T bc , Equa-189 tion 7 can be obtained:
Nodes numbers and their positions have been selected attending to tur-191 bochargers geometry and previous studies [32] . Discrimination used in this 
Results Analysis

219
The different convective coefficients (h Gas/T , h C/Air , h H2/W and h H2/Oil ) 220 can be obtained using a combination of Fouriers law of heat conduction and
221
Newtons law of cooling [37] :
where i represents a convective node; j and l denote conductive nodes; K j,l way those conductances were obtained can be found in [32] . Turbine heat transfer losses are assumed to take place at turbine inlet, i.e. been performed by dimensionless numbers: heat will follow the opposite way, i.e. a good η V GT,max will imply a lower heat 286 transfer due to lower turbulence degree and lower flow incidence on rotor blades. The definition of the dimensionless numbers on the compressor are as follows
Where diameter at compressor outlet duct (D COD ), has been chosen as the 327 characteristic diameter for both the Reynolds and Nusselt numbers.
328
Proposed correlation for Nusselt number governing heat transfer phenomena 329 from node C to node Air will be similar to the Dittus-Boelter correlation. Con-330 stants and Prandtl number exponent for that expression will depend whether 
Heat transfer will be modelled using Equation 16 for the Nusselt number diameter.
Validation of the proposed correlation is presented in Figure 9 , where differ- 
Importance of this heat flow is shown in Figure 10 where, for low load con- 
Validation of proposed correlation to model heat transfer from node H 2 to 364 node W is shown in Figure 11 , where the ±20% boundary lines are shown. 
In case of a water-cooled turbocharger, the energy balance at central node node H 2 and Oil, being visible the ±20% reference error lines. systems are desired to be properly modelled.
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• An improvement in compressor outlet temperature is also observed in to it has a high influence only at low loads.
440
• Similar behaviour has been observed at compressor side, where adiabatic 441 behaviour can be considered at medium -high loads, since in those points 442 relative importance of heat transfer is almost negligible, due, among oth-443 ers, to the low residence time of the fluid.
444
• Heat transfer in compressor side should be concentrated at compressor 445 outlet since non of heat should arrive to compressor inlet.
446
• No problems have been observed when using the assumption of concen-447 trating all heat transfer from the turbine at turbine inlet (turbine casing) 448 and to avoid considering heat transfer through turbocharger shaft.
449
With the performed measurements, the different convective coefficients have 
